Ascites is the accumulation of lymphatic fluid within the peritoneal cavity.\[[@ref1][@ref2][@ref3]\] It is one of the major complications of decompensated liver disease, along with variceal hemorrhage and hepatic encephalopathy,\[[@ref1]\] and is the most common cause of hospitalization in the cirrhotic patient.\[[@ref4]\] The development of ascites is a marker of prognosis in liver cirrhosis, as it indicates a reduction in 1- and 5-year survival rates by 15% and 23.5%, respectively.\[[@ref5]\] One of the most serious sequelae of ascites is spontaneous bacterial peritonitis (SBP).\[[@ref4]\] SBP is the most common source of infection in liver cirrhosis, accounting for approximately 25% of bacterial infections.\[[@ref6][@ref7]\] Mortality due to SBP ranges between 30% and 90% within the first year of diagnosis.\[[@ref8]\] This article is intended to review the pathogenesis, evaluation, and management of ascites and SBP in the setting of liver cirrhosis.

ASCITES {#sec1-1}
=======

Pathogenesis of ascites {#sec2-1}
-----------------------

Ascites may develop from a variety of causes including cirrhosis, malignancy, tuberculosis, Budd--Chiari syndrome, or congestive heart failure (CHF).\[[@ref9]\] Liver cirrhosis accounts for nearly 85% of cases of ascites.\[[@ref1][@ref2][@ref5]\] In cirrhosis, portal hypertension (PHTN) is the necessary predecessor to the development of ascites. The degree of PHTN is assessed by measuring the hepatic--venous pressure gradient (HVPG), as calculated by subtracting the wedged hepatic pressure from the free hepatic pressure. The threshold HVPG after which fluid retention occurs is above 12 mmHg.\[[@ref10][@ref11][@ref12]\]

Alongside portal hypertension, additional changes occur that lead to the development of ascites. Initially, there is dilation and pooling of blood within the splanchnic vessels, leading to a decrease in effective end-arterial volume, which is compensated for by an increase in heart rate and cardiac output.\[[@ref13][@ref14]\] However, as liver decompensation worsens, systemic arterial vasodilation occurs in response to several factors, including release of bacterial-derived endotoxin, syntheses of the vasodilator nitric oxide, and altered vascular response to vasoconstricting agents.\[[@ref15][@ref16][@ref17]\] This leads to a reduction in systemic vascular resistance to a point where the compensatory rise in cardiac output does not maintain effective end-arterial blood volume. Subsequently, stimulation of baroreceptors occurs, causing activation of the renin--angiotensin--aldosterone (RAA) axis, and leading to retention of sodium and water. Ultimately, the increased volume of blood in the splanchnic vessels leads to elevated hydrostatic pressure and increased capillary permeability, causing leakage of fluid into the peritoneum.\[[@ref18][@ref19]\]

In combination with increased hydrostatic pressure, reduction in oncotic pressure also causes ascites fluid accumulation.\[[@ref20][@ref21]\] Plasma oncotic pressure, which drives fluid from the interstitial space back into blood vessels, is mediated by albumin, a large negatively charged protein synthesized by the liver.\[[@ref21]\] As such, hypoalbuminemia from decompensated liver disease leads to a decrease in oncotic pressure that further promotes fluid leakage from the splanchnic vessels.\[[@ref20][@ref21]\] The lymphatic system usually drains excess fluid that accumulates in the interstitial space,\[[@ref20]\] but accumulation of greater than 900 mL of fluid into the peritoneal cavity overwhelms the lymphatic system\'s absorptive capacity, leading to the development of ascites \[[Figure 1](#F1){ref-type="fig"}\].
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DIAGNOSTIC EVALUATION {#sec1-2}
=====================

History and physical examination {#sec2-2}
--------------------------------

The evaluation of ascites begins with a history and physical examination. The most common presenting symptom is increasing abdominal girth. Other symptoms include weight gain, shortness of breath from diaphragmatic compression, or early satiety. The patient should also be asked about risk factors for other causes of ascites, such as CHF or nephrotic syndrome.\[[@ref22]\] A history of pregnancy or hypercoagulable state may predispose to acute portal vein thrombosis or Budd--Chiari syndrome. A patient receiving chemotherapy prior to bone marrow transplantation may have developed sinusoidal obstructive syndrome. Finally, diseases such as hereditary hemorrhagic telangiectasia can cause ascites through development of nodular regenerative hyperplasia and resultant PHTN.

The classic physical examination finding seen in ascites is the presence of flank dullness, which is usually present when patients have more than 1500 mL of fluid within the peritoneal cavity.\[[@ref23]\] Patients with flank dullness should also be tested for shifting dullness, which is another common finding that has 83% sensitivity and 56% specificity for detecting ascites.\[[@ref23]\] One group of patients who may be hard to assess for ascites on examination are obese patients. These patients may complain of an enlarging abdomen, but the timeline for development of their abdominal girth should be investigated, because ascites usually develops over days to weeks, whereas the obese patient may complain of worsening abdominal distention over months to years.\[[@ref22]\]

### Imaging {#sec3-1}

Although the history and physical examination can suggest the presence of ascites, the diagnosis should be confirmed through imaging. A simple, cost-effective modality for confirming ascites is an upper abdominal ultrasound.\[[@ref23]\] An ultrasound with venous doppler can also assess for the presence of portal vein or hepatic vein thrombosis or compression.\[[@ref22]\]

Abdominal paracentesis {#sec2-3}
----------------------

Once the diagnosis of ascites has been established, the next step is an abdominal paracentesis followed by an ascitic fluid analysis.\[[@ref24][@ref25]\] Ascitic fluid analysis has the benefit of allowing one to ascertain whether ascites is secondary to PHTN.\[[@ref26]\] Complications of this procedure are rare, occurring in approximately 1% of patients, even in patients with significant coagulopathy.\[[@ref27][@ref28][@ref29]\] Major complications include ascitic fluid leakage from the point of needle insertion into the skin, bleeding, and infection. Morbidity and mortality due to the paracentesis, however, is rare.\[[@ref27][@ref28][@ref29][@ref30][@ref31]\] Contraindications to paracentesis are mainly related to severe coagulopathy with evidence of either DIC or primary fibrinolysis, or in patients with massive ileus who may be at risk for bowel perforation.\[[@ref22][@ref32]\]

The ideal location for performing a paracentesis is in the left lower quadrant (LLQ), two fingerbreadths medial and cephalad to the anterior superior iliac spine, because in this location the abdominal wall is thinner.\[[@ref22][@ref33][@ref34]\] In contrast to the LLQ, the right lower quadrant is a less ideal location because of the presence of the cecum, which may be dilated in certain circumstances.\[[@ref33]\] Additionally, one should avoid placing the paracentesis needle through surgical scars, because of the possibility of bowel being tethered to the skin, and avoid visible blood vessels, due to risk of puncture and hemorrhage. If the fluid is difficult to localize, the use of ultrasonography prior to performing the paracentesis is useful to visualize the fluid location and determine if there is risk of injuring the bowel.

Ascitic fluid analysis {#sec2-4}
----------------------

One of the first measures to calculate from the ascitic fluid analysis is the serum-to-ascites albumin gradient (SAAG). The SAAG is measured by subtracting the serum albumin level from the ascites fluid albumin level. A SAAG greater than 1.1, known as high-SAAG ascites, has a sensitivity of 97% in indicating portal-hypertensive ascites.\[[@ref35][@ref36]\] As conditions other than cirrhosis, such as heart failure or Budd--Chiari syndrome, can lead to ascites with a SAAG greater than 1.1, ascitic fluid total protein should be tested. An ascites fluid protein of greater than 2.5 g/dL or 25 g/L indicates hepatic vein outflow obstruction from heart failure or Budd--Chiari syndrome.\[[@ref37]\] Other tests that may be indicated to determine the etiology of ascites may include fungal culture, acid--fast bacillus smear and culture, and cytology. These tests may be useful but should only be requested when there is high clinical suspicion of tuberculosis, fungal peritonitis, or malignancy, due to increased cost and poor yield. The potential etiologies of high- and low-SAAG ascites are depicted in [Table 1](#T1){ref-type="table"}.
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Differential diagnosis of ascites based on the serum-to-ascitic albumin gradient
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Ascitic fluid should additionally be tested for cell count with differential, to assess for the presence of infection. As compared to bacterial cultures, the cell count and differential is a simple test with results available within hours. We recommend routine testing for cell count and differential, even for patients with an established cause of ascites, because infection in the peritoneum can lead to significant morbidity and mortality if not detected and treated early.\[[@ref38][@ref39]\]

Management of ascites {#sec2-5}
---------------------

Once the diagnosis of ascites due to cirrhosis has been confirmed, treatment should be initiated. Management should be performed carefully, so as not to deplete intravascular volume. The general approach to management of ascites includes two major interventions: Reducing sodium intake and initiation of diuretic therapy. There is no limit to the amount of weight loss when a patient has ascites and concurrent peripheral edema, and even weight loss rates of up to 2 kg per day seem to be well tolerated when edema is present.\[[@ref40]\] Patients with ascites but without significant peripheral edema should be restricted to less than 0.75 kg per day of weight loss, to decrease the risk of intravascular fluid depletion.\[[@ref40]\] Once peripheral edema and ascites resolve, a daily maximum weight loss value of 0.5 kg is acceptable.\[[@ref40]\]

Sodium restriction {#sec2-6}
------------------

The reduction of sodium intake is critical to controlling ascites. Patients are usually counseled to decrease their dietary sodium intake to 2000 mg or 88 mEq per day.\[[@ref41]\] Since fluid normally follows sodium passively, fluid restriction is usually not necessary for treatment, though excessive fluid intake should be discouraged. Dietary restrictions can be difficult for patients to achieve, so proper education with the involvement of a dietitian can aid in teaching patients on how to make the necessary diet changes, and written instruction is proven to be helpful in our experience.

Diuretics {#sec2-7}
---------

Dietary changes alone will only treat a small subset of patients, and the difficulty in maintaining a sodium-restricted diet makes diuretic therapy a requirement for most patients with cirrhotic ascites. The typical diuretic regimen for ascites consists of oral spironolactone, an aldosterone antagonist, combined with furosemide, an ascending loop and distal convoluted tubule diuretic. Oral spironolactone may also be used as monotherapy and has been shown to be more efficacious than furosemide alone, in treating ascites.\[[@ref42][@ref43]\] However, this regimen is only used in rare occasions due to the risk of hyperkalemia associated with spironolactone monotherapy. Furthermore, a randomized trial has shown that the combination of spironolactone and furosemide can mobilize ascites faster than monotherapy with either medication.\[[@ref44]\] The typical dosing of the combination starts at a ratio of spironolactone to furosemide at 100:40 mg daily. This can be titrated to a maximum dosage of 400 mg of spironolactone and 160 mg of furosemide to achieve the desired effect, assuming the patient can tolerate such dosages. Amiloride and eplerenone are aldosterone antagonists that can be substituted for spironolactone when gynecomastia occurs. Muscle cramps are often seen in patients taking diuretics and can be treated effectively with magnesium oxide supplementation.

Medications to avoid in ascites {#sec2-8}
-------------------------------

Patients with ascites from cirrhosis may have other comorbidities and are usually on multiple medications. Some of these medications may lower survival rates of patients with cirrhosis and ascites. Beta-blockers should be avoided or used with caution in patients with refractory ascites, as data indicate potentially reduced survival in these patients.\[[@ref45]\] Nonsteroidal anti-inflammatory drugs are another class of medications that should be avoided because of the risk of gastrointestinal bleeding and precipitation of renal failure in the setting of cirrhosis.\[[@ref46][@ref47]\]

Refractory ascites {#sec2-9}
------------------

Ascites that is insensitive to sodium restriction and high-dose diuretic therapy, or intolerant to diuretic therapy due to resultant renal failure, or that recurs rapidly following therapeutic paracentesis is considered to be refractory ascites.\[[@ref48]\] Refractory ascites can be further stratified into diuretic resistant, or unresponsive to diuretics, and diuretic-intractable, where the side effects preclude the use or upward titration of diuretics. The prevalence of refractory ascites has been shown to occur in approximately 10% of patients with cirrhotic ascites.\[[@ref43][@ref49]\]

Several therapeutic options exist for the treatment of refractory ascites including serial large-volume paracentesis (LVP), transjugular intrahepatic portosystemic shunt (TIPS), peritoneovenous shunt, or liver transplantation. Prior to consideration of these therapeutic options, an effort should be made to improve adverse reactions in patients with diuretic-intractable ascites. For instance, in patients who cannot increase diuretic dosages due to hypotension, potential interventions include discontinuing beta-blockers or other antihypertensive medications and adding oral midodrine, to raise systemic blood pressure.\[[@ref50]\] In patients who cannot tolerate diuretics due to severe cramping, symptomatic relief of cramping should be attempted by replenishing electrolytes or prescribing magnesium oxide. In patients with hyponatremia from diuretics, fluid restriction of 1.5 liters per day should be initiated to keep the serum sodium level stable. Vasopressin receptor antagonists (Vaptans) are also under investigation regarding their efficacy in refractory ascites, although research so far has not shown any clear benefit and these medicaitons have a black-box warning regarding the potential for worsening liver failure.\[[@ref51][@ref52]\]

Serial LVPs are effective and safe therapeutic options, with less than 1% risk of bleeding.\[[@ref53]\] Patients in whom more than 5 L is removed should have albumin (6--8 g/L) administered to avoid the complication of postparacentesis circulatory dysfunction (PCD), a condition of decreased plasma volume, which could lead to renal failure.\[[@ref53][@ref54][@ref55]\] Trials involving multiple plasma volume expanders have been conducted with drugs such as albumin, dextran, and polygeline, but albumin has consistently shown to be the most effective medication currently available to avoid PCD.\[[@ref53][@ref54]\]

The TIPS procedure is another option available to treat refractory ascites. TIPS is considered when a patient meets certain criteria \[[Table 2](#T2){ref-type="table"}\], which can include intolerance of LVP or requiring frequent LVP. Certain criteria also exist, which make patients poor candidates for TIPS, including low cardiac ejection fraction, pulmonary hypertension, or portal vein thrombosis \[[Table 2](#T2){ref-type="table"}\]. Therefore, we recommend a cardiac echocardiography and ultrasound with portal vein Doppler in all patients being evaluated for TIPS procedure. Hepatic encephalopathy is one of the most significant complications associated with TIPS, and develops in up to 30% of patients following this procedure, although it can usually be medically managed.\[[@ref56][@ref57]\] Primary risk factors for post-TIPS encephalopathy include a prior history of encephalopathy and age greater than 65 years.\[[@ref57]\] Other complications of TIPS placement include, stent thrombosis or stenosis, although the advent of coated stents has reduced the rate of these complications.\[[@ref58]\] The Model for End-stage Liver Disease (MELD) scoring system is a validated predictor of 3-month mortality after TIPS, and can be used as a tool to assist in the evaluation of candidacy for TIPS placement.\[[@ref59]\] We recommend to avoid elective TIPS procedures in patients with a MELD score greater than 18.

###### 

Indications and contraindications for TIPS
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A peritoneovenous shunt was performed more frequently in the 1970s to treat ascites.\[[@ref49][@ref60]\] The procedure today has been virtually abandoned because of the high rate of complications.\[[@ref49][@ref60][@ref61]\] The rare indication for this procedure includes patients who are not candidates for TIPS or liver transplantation, and who cannot tolerate serial LVP.\[[@ref25]\]

Liver transplantation is the definitive treatment option for patients with refractory ascites. Unfortunately, this option is not always available due to a greater demand for organs than supply, and that many patients are not appropriate candidates for transplantation. Therefore, patients who are on the transplant list must still have their ascites managed while awaiting transplantation.

SPONTANEOUS BACTERIAL PERITONITIS {#sec1-3}
=================================

Pathogenesis {#sec2-10}
------------

One of the most serious complications associated with ascites is the development of spontaneous bacterial peritonitis (SBP), defined as the presence of \>250 polymorphonuclear (PMN) cells/mm^3^, with positive ascitic fluid bacterial culture, and no evidence of an intra-abdominal infection.\[[@ref22]\] SBP is associated with high mortality, as 1-year mortality after the first episode ranges from 30% to 90%.\[[@ref8]\] The primary mechanism in the development of SBP is believed to be from bacterial translocation (BT) across the bowel wall.\[[@ref9][@ref62][@ref63]\] The mesenteric lymph nodes are the most common site of translocation, and the bacterial species that most commonly translocate include *Eschericia coli*, *Klebsiella pneumoniae*, the streptococcal species, and other microorganisms, of the family Enterobacteriaceae.\[[@ref63][@ref64][@ref65]\] Patients with decompensated cirrhosis often have a compromised host defense system due to impaired phagocytic activity of neutrophils and macrophages and deficient complement activation.\[[@ref63]\] In this setting, bacteria may spread from the lymph nodes to extraintestinal sites such as the bloodstream, lungs or urinary tract, and subsequently seed ascites fluid.

In addition to impaired host defense, additional factors that promote BT include intestinal bacterial overgrowth and increased intestinal permeability.\[[@ref66]\] Changes in gut microbiota may promote BT by increasing the prevalence of pathogenic strains of bacteria when testing fecal microbial composition.\[[@ref67][@ref68]\] Small intestinal bacterial overgrowth (SIBO), defined as \>10^5^ colony-forming units/mL in jejunal aspirate, is present in 20%--60% of patients with cirrhosis and has been linked to SBP development.\[[@ref69][@ref70][@ref71]\] Liver cirrhosis often predisposes to SIBO due to a combination of reduced intestinal peristalsis, hypochlorhydria, and altered bile secretion.\[[@ref67]\] Evidence has demonstrated that BT occurs in only 0%--11% of patients who do not have SIBO, demonstrating the relevance of SIBO in the pathogenesis of SBP.\[[@ref63]\]

Translocation of bacteria through the intestinal mucosa is also due to increased intestinal permeability. Cirrhosis is associated with altered structure and function of the intestinal mucosa.\[[@ref72][@ref73][@ref74]\] The mechanism underlying the alteration of intestinal mucosal structure and function are not fully elucidated, but animal studies have attributed it to oxidative stress.\[[@ref72][@ref73][@ref74]\] Additionally, a study conducted by Chiva *et al*. found that cirrhosis affects enterocyte mitochondrial function and increased lipid peroxidation among cirrhotic rats, leading to enterocyte damage from oxidative stress.\[[@ref72]\] Another study found increased levels of malondialdehyde, a marker of lipid peroxidation and oxidative stress, in cirrhotic rats.\[[@ref73]\] Findings by Teltschik *et al*. further found that decreased function by the antimicrobial-producing intestinal Paneth cells predisposes to SBP development.\[[@ref74]\]

Evaluation {#sec2-11}
----------

Patients who develop SBP typically have large ascitic fluid volume.\[[@ref75][@ref76]\] Clinical manifestations of SBP include fever, abdominal pain, and hepatic encephalopathy, although these symptoms may not always be present.\[[@ref64]\] Diagnostic paracentesis should be performed prior to the administration of antibiotics. This is necessary because even a single dose of a broad-spectrum antibiotics within 6 h prior to a paracentesis, reduces the yield of bacterial cultures in 86% of cases.\[[@ref77]\] When the PMN count of the ascitic fluid is greater than 250 cells/mm^3^, the diagnosis of SBP can be made.\[[@ref78]\] Of note, although gram-negative bacteria often cause sufficient PMN elevation to make the diagnosis of SBP, gram-positive bacteria may not cause such an increase in ascites fluid PMNs.\[[@ref79]\] Therefore, we recommend maintaining a high index for suspecting SBP in patients with ascites who clinically appear infected, even if the ascites fluid analysis is inconsistent with SBP.

Along with an ascitic fluid analysis, bacterial culture should be sent to determine the specific bacterial species causing infection. Prompt inoculation of the ascitic fluid into blood culture bottles at the bedside will improve the yield of these cultures. However, even if the culture is negative, treatment for SBP should be administered if the ascitic fluid analysis has shown a sufficiently elevated PMN count.\[[@ref80]\] Due to the slow growing nature of many bacterial species involved in SBP, alternative methods of testing for bacterial DNA have been developed to allow for a more rapid diagnosis.\[[@ref81][@ref82][@ref83]\] However, these techniques have not been validated, are often not commercially available, and require further investigation regarding cost-effectiveness.

In patients at risk for secondary peritonitis from bowel perforation or infection of other intra-abdominal organs, we recommend checking for an elevated ascitic fluid lactate dehydrogenase, or a decreased ascites glucose level. A gram-stain of the ascitic fluid is a simple method to differentiate SBP from secondary peritonitis, as multiple organisms seen on gram-stain is inconsistent with SBP. Other potentially useful markers include ascites fluid alkaline phosphatase (ALP) and carcinoembryonic antigen (CEA).\[[@ref84]\] An ALP \> 240 U/L or CEA \> 5 ng/mL may reflect secondary peritonitis of secondary origin in 80% of cases.\[[@ref84]\]

Treatment and prophylaxis {#sec2-12}
-------------------------

The treatment of SBP initially starts with empiric antibiotic therapy. In patients with suspected SBP, broad-spectrum antibiotics should be administered once a diagnostic paracentesis has been performed. The antibiotics commonly used are third-generation cephalosporins, specifically ceftriaxone dosed at 2 g daily, and or cefotaxime dosed at 2 g three times daily. In one study, cefotaxime proved to be superior when compared to a combination therapy of ampicillin and tobramycin.\[[@ref85]\] Another acceptable antibiotic group are the fluoroquinolones, such as ciprofloxacin and ornorfloxacin, which may be particularly useful when the patient has a penicillin allergy. It should be noted that patients who are on fluoroquinolone prophylaxis should not receive a fluoroquinolone for treatment, since the bacteria causing infection may have developed resistance to this class of medications. In this subset of patients where fluoroquinolone resistance may have developed, cefotaxime has still proven to be effective.\[[@ref86]\] In cases where bacteria are resistant to cefotaxime and fluoroquinolones, the use of carbapenems has been suggested as an alternative.\[[@ref87][@ref88]\]

A short duration of antibiotic therapy proved to be as effective as a longer-term course. One study in which 90 patients with SBP were randomized to a 5- or 10-day courses of cefotaxime, similar cure rates of 93% to 91%, respectively, were seen.\[[@ref89]\] We therefore recommend either intravenous ceftriaxone or cefotaxime for a total of 5 days.

In addition to antibiotics, it is imperative to provide intravenous albumin. A reduction of mortality secondary to hepatorenal syndrome of more than 15% has been reported when albumin was used.\[[@ref90]\] Dosage of albumin should be at 1.5 gm/kg of patient body weight on day 1 of treatment and 1 g/kg of patient body weight on day 3 of SBP treatment.\[[@ref90]\]

Prophylactic antibiotics for SBP prevention should be given to all patients who have had a previous diagnosis of SBP.\[[@ref91][@ref92][@ref93][@ref94][@ref95]\] Antibiotic options include norfloxacin, trimethoprim--sulfomethoxazole, and ciprofloxacin. Oral norfloxacin 400 mg or trimethoprim--sulfomethoxazole one tablet double strength daily is commonly used in the outpatient setting.\[[@ref93][@ref94][@ref95][@ref96][@ref97][@ref98]\] Dosages of ciprofloxacin 750 mg weekly is an alternative option for SBP prophylaxis. As there is a greater risk for development of bacterial resistance, we recommend the use of daily dosing over intermittent dosing.

Primary prophylaxis with a quinolone has also been suggested as a method in preventing the occurrence of SBP.\[[@ref63][@ref99][@ref100][@ref101][@ref102]\] Primary prophylaxis can be considered for certain patients with low protein ascites (\<1.5 mg/dL).\[[@ref22]\] A meta-analysis demonstrated significant preventative benefit of SBP prophylaxis in such patients with numbers needed to treat to prevent an episode of SBP of 8.4 at 6 months and 6.3 at 12 months.\[[@ref63]\] One study in particular demonstrated that patients with severe liver disease, defined as serum bilirubin ≥ 3 mg/dL and Child score ≥ 9, or renal dysfunction, defined as creatinine ≥ 1.2 mg/dL, BUN ≥ 25 mg/dL or sodium ≤ 130 mEq/L, along with low-protein ascites, found that the 1 year probability of SBP in this high-risk group was reduced from 61% to 7%, with administration of primary prophylaxis.\[[@ref100]\] Although antibiotic prophylaxis can be helpful, prolonged use of antibiotics can lead to the emergence of resistant bacterial strains. For instance, the use of norfloxacin for primary prevention has been shown to be most effective in the first 3 months of treatment followed by a gradual decrease in efficacy over time.\[[@ref100][@ref102]\] Considering these findings, which indicate a risk of developing infection with antibiotic resistant bacteria, we do not recommend routine use of primary prophylaxis for SBP even in the patients who have severe liver disease.
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